The aim of present study was to evaluate the infl uence of convexity of upper central incisor on expression of torque. The variation in crown root angle of maxillary central incisor and the co-relation between crown root angle and convexity of crown of maxillary central incisor was also assessed. Thirty extracted maxillary central incisors and a central incisor bracket (American Orthodontics-Roth prescription 0.018 inch slot) were used for the study. The study was carried out in three parts. In fi rst part, proximal radiographs of each sample were traced and crown to root angle was measured. In second part, labial surface each sample was scanned using cyclone scanning system (Renishaw) to obtain profi le image of each sample which were analyzed using AutoCAD 2002 software. Convexity of labial surfaces at various heights, i.e. X + 1, X + 2, X + 3, X -1, X -2, X -3 was measured. Third part consisted of preparation of 3D photographic model of one randomly selected sample using Stereo Scan 3D (Breuckmann) machine and 3D composite image of central incisor bracket using Esson optical profi le projector. Torque values at X + 1, X + 2, X + 3, X -1, X -2, X -3 were 2.27°, 5.08°, 8.96°, -5.01°, -8.35° and -12.33° respectively and mean value of crown to root angle of all 30 studied samples was 180.27°. It was concluded that when bracket is displaced 1, 2 or 3 mm incisally, there is increase in lingual root torque by an average value of 2.27°, 5.08° or 8.96° respectively while when bracket is displaced 1, 2 or 3 mm gingivally, there is decrease in lingual root torque or increase in labial root torque by an average value of 5.01°, 8.35° or 12.33° respectively. These fi ndings were confi rmed on analysis of 3D photographic model of one randomly selected sample.
INTRODUCTION
It has been noted that individual variations in dental anatomy, particularly in convexity of labial surface can produce considerable differences in torque expression. 1 The fi nal tooth position lies within the bracket and is not only dependent on archwire bending because of the bracket design. 2, 3 In addition, increased crown to root angle may limit the degree to which the roots can be torqued palatally due to an increased proximity of the roots to the palatal cortical plate of the alveolar process. 4 Thus, in order to obtain good treatment results, brackets have to be accurately placed on a specifi c location on labial or buccal surface of each tooth, attempting to express the desired amount of torque and tip. This is infl uenced by tooth morphology, i.e. convexity of crown and crown root angle. The present study aims toward evaluation of infl uence of tooth morphology of upper central incisor on expression of torque with preadjusted bracket.
MATERIALS AND METHODS
The study was carried out in the Department of Orthodontics and Dentofacial Orthopedics, Sharad Pawar Dental College, DMIMS Wardha, Maharashtra, India in association with Creative Tools, Noida, CADScan Consultants and Milestone Technologies, Mumbai, India. Thirty extracted maxillary central incisors with absence of attrition, abrasion, caries and root resorption were taken as samples.
This study was carried out in three parts:
Radiographic
Proximal radiograph of each sample was taken using intraoral radiographic unit (X-Mind™ X-ray system. Sr No. XM-0383 Satelec India) under following standardized condition -15 cm-object to source distance, 0 mm-object fi lm distance, 187 kVp and 0.5 seconds exposure time.
Each radiograph was then traced on lead acetate sheet using 4 H pencil and following points were marked on tracings; Point I -midpoint of incisal edge, Point O-midpoint on curvature of cementoenamel junction, Point A-most apical point on the root apex. Long-axis of root was determined by joining Point A and O, Long-axis of crown was determined by joining Point I and O. Crown to root angle of each sample was determined by measuring the angle between long axis of crown and longitudinal axis of root (Fig. 1 ).
2D Surface Scanning
Labial surface of each sample was scanned using cyclone scanning system (Renishaw) to obtain profi le image of each sample. Each sample was held on a custom made fi xture which was then placed on the platform of machine. The probe of the machine was run from apex to the incisal edge of tooth and points were recorded at every 1 mm interval with accuracy level of 0.05 mm. All the points were then joined to obtain a curve using IDEAS Software (Version 11) to obtain a curvature representing labial surface of tooth. Obtained images were then transferred to AutoCAD 2002 software and following points were marked on each tooth image (Figs 2 to 5); Point I-midpoint of incisal edge, Point Cmost apical point on curvature of cementoenamel junction, Point X'-midpoint on line joining I and C, Point Xorthogonal projection of X' on contour of labial convexity, representing midpoint of anatomic crown. Three points, X + 1, X + 2, X + 3, marked gingival to X at 1 mm interval and three points X -1, X -2, X -3, marked incisal to X at 1 mm interval. Perpendiculars to the tangent at each of these seven points, i.e. X, X + 1, X + 2, X + 3, X -1, X -2, X -3 were drawn.
Following angles were then measured; angle between perpendiculars at X and X + 1, X and X + 2, X and X + 3, X and X -1, X and X -2, and X and X -3 ( Fig. 6) .
Negative (-) sign was assigned to the angles which were formed in counterclockwise direction from perpendicular at point X while Positive (+) sign was assigned to the angles which were formed in clockwise direction from perpendicular at point X.
Preparation of 3D Photographic Model
A three dimensional photographic model was prepared of a randomly selected sample using Stereo Scan 3D Then angle between long axis of slot of bracket and perpendicular to tangent at FACC point was measured. This gives ideal torque value built into the bracket system. (All dimensions measured were in accuracy level of 0.000 mm/degrees) (Fig. 9) . The position of the bracket was changed occlusogingivally by 1 mm interval (3 positions apical to FACC point and three positions incisal to FACC point) and angle between slot of the bracket and perpendicular to tangent at FACC point was measured at each of these varied bracket positions.
RESULTS
The data obtained was subjected to statistical analyses. Results showed that there is considerable amount of angular variation among the points studied in relation to midpoint (X). Mean values at X -1, X -2, X -3, X + 1, X + 2 and X + 3 were 2.27°, Pearson's co-relation test was applied to study the corelation between crown to root angle and labial surface convexity. Labial surface convexity was determined by summing up the absolute values of all the studied angles. Result showed that there was negative co-relation between the two, which was nonsignifi cant ( Table 2 and Graph 2).
Results of the 3D study showed that the angulation of bracket slot at point X was 11.825°. This indicates that the torque expression at point X would be 11.825°, which is the approximate value of torque for maxillary central incisor in roth prescription (12°). When bracket was displaced incisally by 1 mm interval upto 3 mm, values for torque were found to be 14.205°, 18.205°, and 22.205° respectively (Figs 10  to 12 ). This indicates that there was progressive increase in lingual root torque as bracket was displaced incisally. When bracket was displaced gingivally by 1 mm interval up to 3 mm, values for torque were found to be 9.326°, 7.035° and 3.277° respectively (Figs 13 to 15 ). This indicates that there was progressive decrease in lingual root torque as bracket was displaced gingivally.
DISCUSSION
In the present study mean value of crown to root angle was found to be 180.27° + 4.45°. The angle showed considerable amount of variation from 173° to 188.5°. Studies conducted by Bryant RM 4-7 also showed wide variation in the crown to root angle. During orthodontic treatment, the crown to root angle is of major importance for fi nal tooth position. Taking into consideration that a root, moved against the cortical plate, is at higher risk for root resorption, care should be taken to torque a tooth with a large CRA. Particularly in cases of class II div 2 malocclusion, CRA increases so that root is placed more lingual as compared to crown. On the other hand, mean values at X -1, X -2, X -3, X + 1, X + 2 and X + 3 were 2.27°, 5.08°, 8.96°, -5.01°, -8.35°, and -12.33° respectively, while variance at these all points were 16.08°, 29.33°, 47.36°, 7.62°, 14.58° and 21.24° respectively. This shows that, when bracket is displaced 1, 2 or 3 mm incisally, there is increase in lingual root torque by an average value of 2.27°, 5.08° or Bryant RM et al studied the variability in three morphologic features of the permanent maxillary central incisors. 4 They found that mean value of labial surface angle for all samples was 15.1° ± 3.02° with a range of 7° -24°. This indicated that there is a wide range of convexity at mid-point of crown resulting in variation in expression of torque depending on the convexity at that point. However, they studied the variation in the convexity only at the midpoint of the crown. As stated by Balut et al (1992) ; 8 Taylor and Cook (1992) 2 the clinician is able to bond brackets with an accuracy of 0.5 mm but the position of an upper incisor bracket may vary between 3.5 and 5.5 mm from the incisal edge. This variation in bracket position from ideal position will result in a different effect on the fi nal torque of a tooth, because of a different vertical position. Thus the present study was undertaken to evaluate the variation in torque values at varying occlusogingival position of the bracket and not the variation at midpoint of crown. Germane N et al studied the facial surface contours of 600 maxillary and mandibular teeth, including 50 of each type of tooth from central incisors to fi rst molars. 9 They concluded that facial surface contours do vary but not in a regular manner from incisal/occlusal to gingival areas. Vertical placement errors of 1 mm can alter torque values present by up to 10° for the points studied. While the result of present study shows that vertical placement error does not alter the torque values uniformly. One shortcoming in 2D scan was that the exact slot to tooth relationship was not represented. To overcome this, a 3D photographic model of one randomly selected sample and a 3D composite image of central incisor bracket was studied. Results showed that the angulation of bracket slot at point X was 11.825°. This indicates that the torque expression at point X would be 11.825°. When bracket was displaced gingivally by 1 mm interval up to 3 mm, values for torque were found to be 9.326°, 7.035° and 3.277° respectively. This indicates that there was progressive decrease in lingual root torque as bracket was displaced gingivally. When bracket was displaced incisally by 1 mm interval up to 3 mm, values for torque were found to be 14.2050, 18.2050, and 22.2050 respectively. This indicates that there was progressive increase in lingual root torque as bracket was displaced incisally. These results confi rm the fi ndings of the 2D scan carried out in this study. However, the results may vary in the clinical situation as tooth movement is a biologic process and thus the tissue resistance variable cannot be eliminated while predicting the amount and type of tooth movement. Hence, to increase the validity of this study in vivo studies can be carried out. 
